Summary In resection tissue samples of colorectal carcinomas, the concentration of urokinase-type plasminogen activator (u-Pa) was found to be significantly higher than in the normal parent mucosal tissue, while there was less tissue-type plasminogen activator (t-PA). u-PA and t-PA were also determined in endoscopic biopsies of colonic and gastric carcinomas, and the results were compared with those of the ultimate resection samples of the same patients, and with the histological evaluation of adjacent biopsies. The ratio of u-PA/t-PA antigen in the biopsies was found to represent a good discriminator between normal and malignant tissue. Nearly all (90%) tumour biopsies had a higher PA antigen ratio than that of the normal tissue biopsies. This discrimination based upon PA antigen measurements in biopsies was similarly efficient in the subsequent resection samples, and showed a good agreement with the histological evaluation. Thus, PA antigen measurements in endoscopic biopsies can be used to detect gastrointestinal malignancy.
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In many types of malignant tumours, changes in plasminogen activator (PA) activity have been noticed when compared with the normal parent tissue (Markus, 1983; Dan0 et al., 1985) . In the colon and rectum, this change consists of a considerable increase of the urinary-type PA (u-PA) and frequently a concomitant decrease of the other PA, tissue-type PA (t-PA) (Gelister et al., 1986; De Bruin et al., 1987a , b, 1988 Kirchheimer et al., 1987; Nishino et al., 1988; Sim et al., 1988; Suzumiya et al., 1988) . It has been shown that in the precursor lesion of colonic adenocarcinoma, the adenomatous polyp, t-PA is at the same level as in carcinomas, while u-PA levels are intermediate to those in normal colonic mucosa and carcinoma (Gelister et al., 1986; De Bruin et al., 1987a; Suzumiya et al., 1988) . When PAs were measured by antigen assays, t-PA levels in adenomas and carcinomas are half of those in the normal mucosa, while u-PA antigen in adenomas is about five-fold increased, and in carcinomas can exceed 10 times the normal level (Gelister et al., 1986; De Bruin et al., 1988; Sim et al., 1988; Suzumiya et al., 1988) . The great differences found in PA of malignant and premalignant conditions when compared to the normal parent tissue, especially in the case of epithelial cell tumours, could make them of diagnostic, and perhaps therapeutic, importance (Duffy & O'Grady, 1984 ELISA for u-PA u-PA was determined by a sandwich ELISA using rabbit anti-u-PA as first antibody and affinity purified goat anti-u-PA as second antibody. After overnight absorption of the 1:10 diluted sample followed by the reaction with the second antibody, u-PA antigen was detected using a rabbit anti-goat Ig-alkaline phosphatase conjugate and para-nitrophenyl-phosphate as substrate. A calibration standard of 0-Sng u-PAml-1 (National Institute of Biological Standards and Control, London, batch no. 66/64) was included in this assay, which had a detection limit of 10pg 100 l-1. This ELISA was described in detail by Binnema et al. (1986) .
ELISA for t-PA t-PA antigen was measured essentially as described by Rijken et al. (1984) , with minor modifications. Rabbit anti-t-PA was used as catching antibody, anti-t-PA-horseradish peroxidase conjugate (Biopool, Sweden) as second antibody and 3, 3', 5, 5'tetramethylbenzidine was used as substrate. Standard t-PA (Biopool, Sweden, 0-4 ng ml-1) was included for calibration. The detection limit of this assay was 20pg 100pl-1. 
Results
The results of the u-PA and t-PA measurements in colonic tissues are represented in Table II . In the colonic resection specimens, u-PA and t-PA antigen levels in the tumours were significantly different from those in the normal tissue counterparts. Antigen of u-PA was on the average seven times higher in the tumours, with no overlap (0/14=0%) with normal mucosa, while t-PA antigen showed a two-fold decrease (7/14=50% overlap with normal mucosa). Expressed as a ratio, u-PA/t-PA antigen was 0.3 in the normal tissues and 3.8 in the tumours. The highest antigen ratio in the normal tissues (0.6) was still much lower than the lowest ratio in the tumour group (1.8); thus using this parameter an absolute discrimination between normal mucosa and tumour in this group was reached on the basis of the combined u-PA and t-PA antigen determinations.
In the corresponding colonic biopsies, u-PA antigen increase in tumours was of the same order (six-fold) as in the resections, but a t-PA decrease in the tumours could not be affirmed, because less t-PA was found in the normal biopsies than in the normal resection samples. When the individual u-PA/t-PA antigen ratios for the biopsies were calculated, two of the fourteen tumour ratios fell below the highest value among the corresponding normal biopsies (1.6), whereas for u-PA antigen alone this was found to be the case for four tumours. The average antigen ratios in the biopsies (0.6 for normal, 4.8 for tumour) were not significantly different from those in the resections. From these results, it was concluded that PA-antigen measurements provided a good method to achieve a reliable discrimination between benign and malignant tissue in biopsies of the colorectum. With this in mind, measurements of u-PA and t-PA antigens were performed in another group of six patients with adenocarcinomas of the stomach.
The results of the antigen assay in this group are given in Table II . Antigen of u-PA showed the same tendency to increase strongly in tumour tissue compared to normal, as in the colorectal tissue sample group. In the tumours, u-PA antigen was 12-fold increased. On the contrary, t-PA antigen did not show a significant decrease in tumours compared to normal gastric mucosa. In bothl biopsies and resections, a tendency to such a decrease could be seen, but it did not reach statistical significance. In this group, u-PA and t-PA antigens in the two biopsy types (normal and tumour) were not different from the antigens in the corresponding resection samples. Combined expression of the two antigens as the ratio u-PA/t-PA antigen resulted in a significant difference of this parameter between normal and malignant tissue, in both the biopsy and the resection group (Table II) . No relationship was found between the u-PA/t-PA antigen ratio and the Dukes' stage or the histological differentiation of the carcinomas.
The discrimination between normal and tumour for all tissue samples (colorectum and stomach) using the antigen ratio was nearly absolute using the 99.5% confidence interval (P<0.005) of the normal mucosa (Figure 1 ): in the resections only one tumour sample had a ratio within the normal range, whereas in the biopsies only two tumours had a ratio within the normal range. All other tumour biopsies had a higher ratio. Thus, on the basis of u-PA/t-PA antigen ratio, a good discrimination could be reached in biopsies as well. For all studied tissue samples (colorectum and stomach), the concordance of the antigen ratio in the resection specimen and the corresponding biopsy was high (r=0.58, P<0.001). At endoscopy, adjacent biopsies were taken from the lesion for histological evaluation at the pathology department. The data of this evaluation were compared with those of the PA antigen assays (Table III) . Using the PA antigen In the colon and rectum, a good general agreement was found between PA antigen concentrations of biopsy and resection. A minor difference was found in the t-PA antigen levels, which were lower in the endoscopical biopsies than in the resection specimens. This phenomenon can be attributed to the presence of fewer t-PA producing endothelial cells in the superficial biopsies compared to the resection samples which were dissected at the muscular layer and contain relatively more mucosal tissue. In both cases, a strong increase of u-PA antigen was seen, while t-PA antigen remained unchanged, or was lower, when samples of adenocarcinoma were compared with the normal mucosa which corresponds with previous reports on resection specimens (Gelister et al., 1986; De Bruin et al., 1987a ,b, 1988 Kirchheimer et al., 1987; Nishino et al., 1988; Sim et al., 1988; Suzumiya et al., 1988 Taking biopsies by endoscopy is subject to sampling error, which increases when the suspected lesion is smaller, more difficult to discern from normal or of heterogeneous composition. To compensate for this, usually five to ten tissue samples are taken and all are histologically evaluated (Dekker & Tytgat, 1977 ). In the experiments described in this study, only two biopsies from a lesion were used for PA antigen measurements. A considerable sampling error could thus be expected, and the two false negative cases may be ascribed to this cause.
Immunological assays for a large variety of antigens have come widely into use, and are easily performed and automated. We have shown, for the first time, that measurement of u-PA and t-PA antigens in endoscopic biopsies could form a quick and simple routine method for the detection of gastrointestinal malignancy, validated by comparison with resection specimens and classical histology. Moreover, since clear PA antigen changes have also been detected in premalignant lesions (Gelister et al., 1986; De Bruin et al., 1988; Sim et al., 1988; Suzumiya et al., 1988) , PA determinations in endoscopical biopsies may help to facilitate the study on the relation between PA and the development of gastric or intestinal cancer in follow-up studies.
